Two species of Spirodela were grown aseptically in a simple mineral medium containing sucrose. Weak red light (15 erg cm-2 sec1') enhanced dark growth of S. oligorrhiza, whereas weak far red light (15 erg cm-2 sec-') when given after the red light reduced this effect.
The effects of light, particularly that of red light, on protein synthesis, plastid structure, and enzymatic activities in higher and lower plants, have been studied extensively (2, 3, 6, 7, 12) . However, results concerning the effect of red light on the stimulation of greening are still a matter of controversy (4, 19) .
Previously (13, 14) , we suggested that phytochrome plays a role in the vegetative growth of Spirodela. In the work presented here we have tried to study the effects of different light qualities on growth and chlorophyll formation in the same plant. We have also tried to learn whether these effects were correlated with any detectable phytochrome transformation.
Experimentation with seedlings carry some disadvantages (4) . Spirodela can be grown in the dark indefinitely where the plants propagate themselves vegetatively. In these experiments we have used fully etiolated plants grown for a relatively long period in a defined medium under controlled conditions.
MATERIALS AND METHODS
Two species used: Spirodela oligorrhiza (Kurz) Hegelm. and Spirodela polyrrhiza (L.) Schlied (Lemnaceae) were grown aseptically in total darkness as described previously (13) . S. polyrrhiza was preferred in some experiments since it grows faster in the dark.
Plants were grown at different temperatures: 18, 25, and 37 C and were illuminated continuously by white light which was supplied by Sylvania cool white fluorescent tubes. Light intensity as measured by an Eel photoelectric photometer at the plant level was 200 to 300 ft-c. Weak red or blue light of about 15 erg cm-2 sec', as measured by a Yellow Springs radiometer Type M.65 was obtained using four layers of white paper to reduce the intensity. Sylvania cool white tubes with appropriate filters were used for illumination. The transmission of the filters were examined using a Beckman spectrophotometer and are shown in Figure 1 .
Weak far red light was obtained using red cellophane and white paper, as described above, under incandescent light (40 or 60-w bulb) filtered through green perspex or cellophane which transmits far red light (Fig. 1) .
Different intensities of blue, red, and far red light were obtained using a slide projector (300 and 500 w) with attached interference or "cut off" filters. The heat-absorbing filter of the slide projecter was removed in order to obtain a high intensity of light. Instead, source and filters were cooled by an air stream. Under such condition the light intensity was 10' to I0 erg cm2 sec'.
Chlorophyll was extracted with 80% (v, 'v) acetone and measured spectrophotometrically in a Cary 14 spectrophotometer. Chlorophyll concentration was calculated using the following coefficients (1/g-cm): for chlorophyll a 82.0 and 14.9 and for protochlorophyll 0.2 and 34.9 at 665 and 626 nm respectively (8, 10) .
Phytochrome determinations were carried out at room temperature using an Aminco Chance dual wavelength spectrophotometer according to the method developed by Spruit (5, (16) (17) (18) . Slit opening was 2 mm, and the photomultiplier used was of type S, which is sensitive in the red and far red region.
Whole plants (0.8-1.5 g fresh weight) were gently stuffed into 10-mm light path cuvettes under a green safelight. Morphology and growth rate determinations were carried out as described previously (13) . RESULTS Rate of Growth. It was known from previous studies (13) that Spirodela grows very slowly in the dark even in organotrophic medium. The effects of weak light pulses of different spectral regions on the growth rates in darkness were therefore tested. The results summarized in Table I show clearly that a weak pulse of red light stimulates organotrophic growth significantly, blue light had little effect. and weak far red light, given after red light, cancelled the effect of the red light. It is possible that the small effect of blue light was due to leakage of red light through the blue cellophane ( Fig. 1 ).
Chlorophyll Synthesis. Chlorophyll accumulation in S. oligorrhiza and S. polyrrhiza during exposure to white light (20-24 hr) is very slow. This lag phase is followed by a period of 3 to 4 days of intensified chlorophyll synthesis. Figure 2 shows the relatively long lag phase of chlorophyll synthesis in cultures of S. oligorrhiza kept at different temperatures. Such 3C dark-grown cultures were used for studying the factors limiting chlorophyll synthesis for the first 48 hr of greening. It seems that 25 C is the optimal temperature for greening.
At 37 C some increase in chlorophyll synthesis was observed after 24 hr in the light, whereas at 18 C almost no chlorophyll was detected after the same period (Fig. 2) . The plants grown -, at 37 C have not only a very slow rate of chlorophyll formation but also a corresponding low rate of oxygen evolution. Such 2( plants were termed "bleached plants" (13) . In S. oligorrhiza a pulse of weak red light (1 hr), when given 12 to 24 hr before the exposure to continuous white light, enhanced chlorophyll accumulation (Table II) . The effect of weak green light (safelight filter) was neglible. Weak far red light given for 1 hr immediately after the weak red light Q did not reverse the effect of the red light. The enhancement°i n chlorophyll accumulation was obtained when the red light 1 was given at either 25 C or 0 C. Experiments carried out with S. polyrrhiza showed that the effect of red light is reversed by far red light only if the latter is given at the same time and with 10 times the intensity (Table III) .
Some preliminary experiments of ours have shown that GA3 and cyclic AMP were ineffective in shortening the lag period (10) 860 (7) 800 (10) 693 (9) day Redlightfollowed 200 (7) 150 (5) 140 (11) The red far red transformation was determined in intact fronds stuffed gently into the cuvettes. The relative absorbance peaks of red far red transformation were positively maximal at 660 nm and negatively maximal at 725 nm respectively; the isobestic point between the two peaks was at 678 nm. A typical scan is given in Figure 3 .
Repeated measurements indicated that the amount of phytochrome detected was changed between the first and second illumination by actinic red light. This was thought, at first, to be due to fluctuations in measurement, but more careful experiments revealed that after the first red dose there is an immediate "decay" of 20 to 40% of the detected phytochrome. The difference in the amount of detectable phytochrome between the first and second red far red transformation is defined as unstable phytochrome. In all the experiments carried out there was an irreversible decrease which was observed only after the first irradiation by red light. This decrease was found in fully etiolated S. oligorrhiza and S. polyrrhiza.
In most, but not all cases, the absorbance after blue or far red light was not significantly changed (Fig. 3) . Loss of both the unstable or the stable phytochrome of the dark-grown cultures can be brought about by continuous red light (Fig. 4 , a, and b). About 50% of the sensitive unstable phytochrome is lost within the cuvette after 10 sec of red light (Fig. 4a) , whereas 50% of the stable phytochrome is lost after 3 to 5 hr (Fig. 4b) . The "decay" of the stable phytochrome does not take place at 0 C and was not stimulated by bubbling in air.
As with phytochrome of other plants (11), there is a slow reversion of phytochrome after irradiation by red light. This Spruit (18) .
The irreversible phytochrome transformation (decay) after relatively short red light irradiation seems to be related to the above mentioned irreversible effect of red light on greening (Table III) . The "half-life" of the irreversible shift is about 10 sec of red light.
It is possible that the detectable phytochrome in fully etiolated Spirodela is composed of two entities: (a) A sensitive entity which decays after 1 to 2 min of red light and remains in the P. form only when irradiated simultaneously with red light and high intensities of far red light. It is suggested that this sensitive phytochrome is the one which is connected or responsible, in a way which is not yet known, for triggering the mechanism shortening the lag period of chlorophyll synthesis. (b) A stable entity which is partly transformed in the dark to P. and decays slowly in red light.
Spruit (18) suggested that in peas leaves and stems a "sensitive" and "stable" phytochrome are actually two different pigments. The possibility that in Spirodela there is only one type of phytochrome, which during its "decay" is bound to different sites in the cell, cannot be excluded. Such a possibility is consistent with the results of Pratt and Coleman (15) who showed on the basis of immunological studies that phytochrome is spread throughout the entire cell.
